Imprecision in treatment response has been defined as inconsistent unpredictable results from the same treatment. Bias has been defined as systematic failure to achieve defined treatment goals. Concepts of imprecision and bias are applied to the results of a study of soft-tissue response to Class II treatment with edgewise and Herbst appliances. (AM J ORTHOD DENTOFAC ORTHOP 1988; 93: 138-42.) 0 rthodontists are interested in the reasons some cases respond to treatments better than others, but it is difficult to assign the responsibility for "success" or "failure" among such varied factors as skeletal morphology, patient compliance, skill of the orthodontist, maturational age of the patient, and efficiency of the appliance. Furthermore, some goals of treatment are difficult to quantify despite the routine use of cephalometrics, for example, improved function and more pleasing facial esthetics.
In recent years the methods of clinical research in medicine have become much more sophisticated largely through analytic procedures developed by research teams (Feinstein' and Sackett, Hayes, and Tugwell') and a new field termed clinical epidemiology has emerged. Orthodontics is well suited to profit from these new strategies for clinical research, but we have been reluctant to abandon the traditional anecdotally oriented clinical report for the more practical modem approaches pioneered by Sackett's and Feinstein's groups.
It may be more difficult to quantify esthetic goals of orthodontic intervention and we have not yet been able to segregate the continuing growth from treatment response cleanly and routinely, but some commonly accepted goals of treatment are measurable and thus should be emphasized in studies of treatment effects. This article defines and demonstrates two concepts involved in the study of treatment effects-imprecision and bias-and shows how their understanding and use in clinical studies would lead to improved appreciation of orthodontic treatments. 
DEFINITIONS
How do clinicians fail to achieve treatment goals? Fig. 1 illustrates two possible ways. Part A depicts a well-defined goal that seems difficult to achieve since a consistent shortfall of the expected goal in treatment response is produced. Thus, a bias in treatment response is revealed. 3 The mean response to this particular treatment, as well as all individual responses, falls short of the planned treatment goal, but the range and variation in treatment response are small.
Part B of Fig. 1 illustrates a well-defined goal that is seemingly achievable on the basis of mean treatment response. However, in this case it is difficult to predict any individual treatment response since the range of responses is very great, though centered around the goal. Instead of systematic bias, there is shown a large random error-imprecision-that gives an impression of predictable response. Fig. 2 illustrates an alternative representation of the same data to contrast further bias with imprecision. The dot in the center of the circle in A represents the goal; the large lower dot depicts the mean treatment response around which the individual responses are tightly clustered-well-defined bias.
In B of Fig. 2 , the dot indicates that the mean treatment response is congruent with the goal of the treatment. However, the spread of the individual responses around their mean is great. Because of this imprecision, an individual case may or may not actually achieve the planned goal in spite of the absence of bias in mean response. The tightly clustered shortfall is easier to predict; the wide-ranging scatter is far less precise even though the mean response is exactly coincident with the planned goal.
How might one compensate for inability to achieve goals? Systematic bias clearly suggests setting a more How do we compensate for our inability to achieve our goal? realistic goal or modifying the treatment to achieve the objective. Imprecision may be reduced by better patient selection, more consistent treatment planning, or an improved understanding of the mode of appliance action.
APPLICATION OF CONCEPTS OF BIAS AND IMPRECISION Source of data
To illustrate the practical application of bias and imprecision in clinical reports, data from a study of the For the purposes of this article, it is sufficient to display graphically the response of but one soft-tissue landmark (soft-tissue pogonion) to demonstrate the clinically important differences between bias and imprecision .
Variance (square of standard deviation) and range give estimates of imprecision, but estimates of bias cannot be presented because the planned treatment changes were not quantified. If treatment goals for each individual had been specified, bias, as defined earlier herein, could have been estimated. Quantified estimates of bias cannot be shown without quantified expectations.
Examples
Clear graphic examples of bias and imprecision are found in the data from our study of soft-tissue profile response to different orthodontic appliances used in Class II therapy. Fig. 3 is a plot of annual changes in the position of soft pogonion relative to sella-nasion with sella as the origin. The filled and open circles represent edgewise nonextraction and Herbst appliance cases, respectively, for a group of female patients. The intersection in the center represents no change on either the x or y axis and all the circles are the posttreatment positions relative to the pretreatment positions. Note that the edgewise responses tend to cluster near the center of the plot, while the Herbst responses are more widespread above, below, and to the right of the edgewise cases.
All the expected goals typically would be somewhere to the right of the 'center of this diagram yet the edgewise female patients unfortunately fall systematically below and to the left of the goal. On the other hand, the Herbst female patients are distributed to the right of the zero response point (origin), exhibiting more variation than the edgewise female patients. Changes resulting from untreated growth should tend to array themselves downward and forward (right on the plot) from the intersection.
The responses of male patients are shown in Fig: 4 . Although sex differences in treatment response are not the topic of this report, it is interesting to note the randomness of the responses to Herbst therapy in both sexes (imprecision) and the systematically poorer response of Class II female patients to edgewise treatment. Table I the Herbst treatment. The apparent bias among female patients in the Edgewise sample is poorer from a clinical view (pogonion is more inferior and dorsal), but more tightly clustered, thus more predictable than that in the male patients with the same treatment.
DISCUSSION
Some of the variability present in these results is caused by the retrospective aspect of the study. Many other unknowns, such as the varying skills of the individual orthodontists, the details of each treatment plan, and the different goals, may obscure possible differences in treatment effects. Additional character-. istics of this and other studies that may obfuscate our understanding of the effects of treatment include:
1. The lack of a comparable untreated control sample, especially important in view of varying Class II morphologies 2. The heterogeneity of the treatment samples with respect to treatment interval, age, pretreatment skeletal and soft-tissue morphologies, and patient compliance 3. The use of measures of central tendency when variability of treatment response is so great However, it seems quite clear that where treatment goals are well defined, as in desired ventral changes of soft-tissue pogonion in Class II treatments, it is possible 'Imprecision is computed as 1000 times the square root of the sum of the variances of the annual changes in the x and y coordinates of the sella-nasion-pogonion tensor.
to derive improved understanding of treatment effects through study of both bias and imprecision. Other landmarks, other goals, and different morphologies are easily available variations on this theme. The clinician is more concerned with individual treatment effect than mean treatment effect with which bias and imprecision are formulated. Therefore, bias and imprecision may be more acceptable when treated together as root-mean-square error,3 the error between observed individual treatment effects, and the expected treatment effect (or the treatment goal conceived before treatment, see Fig. 5, A) . To minimize effectively the root-mean-square error, both bias and imprecision must be quantified and controlled. Reducing one while inflating the other will likely yield individual treatment effects that deviate significantly from the planned or expected effect (see Fig. 5 , B and C). Both bias and imprecision should be minimized so that the clinician can achieve the desired treatment effect more predictably.
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